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BIOCHEMISTRY SEMINAR
February 17, 1953
ION EXCHANGE CHROMATOGRAPHY APPLIED TO AMINO ACID CONTENT
IN URINE. By William Stein, Rockefeller Institute for Medical Research,
New York, New York.
By providing a degree of quantitative accuracy not attainable with earlier
methods, the application of ion exchange chromatography in the determina-
tion of the amino acid content of urine is proving valuable not only as a
clinical diagnostic tool, but in the confirmation and extension of previous
observations as well.
Samples are taken from 4-hour specimens, concentrated to 4 cc., brought
to a pH of 2.5, and introduced into a Dowex 50, lxlOO cm. resinous ion
exchange column. Using an automatic fraction collector, the eluant from the
column is collected as a large series of fractions of equal volume. The amino
acid concentration of each fraction as determined by the ninhydrin reaction
is plotted against the eluant volume, with the resulting curve consisting of a
series of peaks. Each peak represents an individual amino acid.
Positive identification of an amino acid by this method demands satis-
faction of the following criteria: (a) complete superimposability of the
peak of the unknown with that obtained by adding a known amino acid to
the urine sample; (b) stability of the peak to acid hydrolysis of the urine
sample, i.e., it must remain in the same relative position and undiminished
(the area under the curve is a quantitative measure of the concentration of
the amino acid), though an increase is possible, since hydrolysis may cause
the appearance of free amino acids not originally present as such; (c) con-
firmation by paper partition chromatography.
The results obtained by this method suggest that the quantitative pattern
of urinary amino acids is specific for the individual. Moreover, of the
twenty-odd amino acids known to occur normally in human urine which are
excreted at a rate of approximately 1 gm. every 24 hours, four of these-
taurine, glycine, histidine, and methyl histidine-comprise 70%o of the total
excretion.
Of particular clinical importance is the finding that in cystinuria, a condi-
tion often associated with renal calculi, dietary cystine seems to be normally
accommodated; the high cystine content of the urine is thought to be due
to (a) an abnormal metabolism of cysteine, methionine, ornithine, and
taurine leading to production of cystine, and (b) a loss of the ability of the
renal tubules to resorb cystine.
Hepatolenticular degeneration (Wilson's Disease) is usually fatal and
exhibits a syndrome characterized by limb tremor and rigidity, pigmenta-
tion of the cornea, and cirrhosis of the liver. As these symptoms are widely
inclusive and far from specific, chromatographic urinary amino acid analy-
ses may prove helpful in diagnosis. The urine of Wilson's Disease victims
is characterized by the following irregularities in amino acid concentration:
first, a total amino acid excretion seven to eight times above normal;
second, exceedingly large amounts of threonine, glycine, and serine; and
third, the presence of citrulline, not encountered in normal urine.
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PLANT SCIENCE SEMINAR
February 26, 1953
IN DEFENSE OF GENE MUTATIONS. By Adrian M. Srb, Department of
Plant Breeding, Cornell University, Ithaca, New York.
Geneticists work with mutations that are relatively striking, most of
which are detrimental to the organism. However, many micro-mutations
occur which are detected only under exceptional circumstances; they may
benefit the organism in certain specific situations.
The amino acid canavanine inhibits growth of the mold Neurospora
crassa by competing with the structurally related amino acid arginine. Corn
embryos are similarly inhibited by canavanine; the inhibition can be
negated by supplying the organism with arginine. Work with various
strains of corn shows that each differs in its susceptibility to canavanine.
Crosses between some of these strains have produced hybrids that are
superior to either parent in their resistance to canavanine inhibition; how-
ever, these changes in resistance could not be associated with specific genes.
A considerable number of canavanine-resistant strains were obtained in
Neurospora and genetic data showed that the resistance resulted from a
mutation at a specific locus. This mutation, detectable only in the presence
of canavanine, superficially differed in no way from the original parent
strain. Further breeding experiments in which a canavanine resistant strain
was mated with a strain requiring arginine indicated that resistance to
canavanine was associated with a more efficient utilization, i.e., a lower
requirement for arginine.
Another example of a non-deleterious gene change was provided by an
ultraviolet-induced mutant of a strain requiring arginine. The original
arginine requirer was inhibited by comparatively low concentrations of the
amino acid lysine. The mutant, still arginine dependent, was resistant to
much higher concentrations of lysine. Again, this type of mutation would
not be detected under ordinary circumstances.
In Neurospora, mutations of no immediate selective advantage to the
organism might be preserved by heterokaryosis. Under conditions favoring
the new mutant gene, nuclei carrying the mutation would then be selected.
HOWARD V. RICKENBERG
PHARMACOLOGY SEMINAR
March 26, 1953
METABOLIC REQUIREMENTS OF SYMPATHETIC NEURONS WITH SPECIAL
REFERENCE TO ANESTHETICS. By Martin G. Larrabee, Department of Bio-
physics, The Johns Hopkins University, Baltimore, Maryland.
Determinations of the metabolic requirements of the superior cervical
sympathetic ganglia of rabbits and rats, either excised or in situ, have shed
light on the possible level of action of anesthetics. The ganglia, bathed in a
solution containing (along with other essential physiological constituents)
5% C02, 95% 02, and mEq. of glucose, are subjected to varying
degrees of stimulation or anesthesia, and the bathing solution then analyzed
for changes in concentration of oxygen and glucose.
Work with unanesthetized ganglia reveals (a) that of the various
metabolic requirements, 02 is the most important. As the rate of stimula-
tion is increased, the 02 consumption increases to a maximum consumption
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of 40% above normal at 10 per second. Under comparable conditions
somatic nerves show an increase of only 6%. This is thought to be due to
an inherent difference in the metabolic activity of sympathetic as compared
to somatic fibers, possibly as a result of their greater size and not, as was
formerly believed, the result of the fact that ganglia contain cell bodies and
dendrites as well as nerve fibers. (b) Glucose uptake is also essential to the
integrity of the ganglion, the lack of which results in partial or complete
loss of conductivity. Furthermore, this loss is more marked in post- than
in pre-ganglionic fibers, indicating an influence in the ganglion. There is an
irreversible effect of the lack of glucose; unmyelinated fibers are signifi-
cantly more susceptible than myelinated. This is due to a "reserve" material,
possibly glycogen, in the myelin sheath.
Anesthetized preparations indicate that some of the functions of sympa-
thetic ganglia decrease with increasing quantities of an anesthetic and that
for comparable effects to be induced in somatic fibers, much higher concen-
trations must be used. It is therefore significant that those anesthetics
known to have the strongest action show great selectivity for synaptic
blocking. Since very few anesthetics have any demonstrable effect on 02
uptake, it is possible that anesthesia may be the result of influence upon
other phases of ganglion metabolism. It has recently been observed that
certain anesthetics, such as pentobarbital, result in increased glucose
utilization.
J. C. c.
HISTORY OF MEDICINE LECTURE
April 16, 1953
THE CONCEPT OF INFECTION BEFORE PASTEUR. By Owsei Temkin,
Institute of the History of Medicine, The Johns Hopkins University,
Baltimore, Maryland.
Etymologically the word "infection" and related terms stand for "strain"
or "impurity." As such they have been used for many centuries with but
loose connection with infectious disease. It was only in the Middle Ages
that the medical concept was more clearly elaborated.
Infection (by our present definition) and preventive measures against it
are perhaps first discussed in the Old Testament in connection with leprosy.
The public health measures suggested are sound and even extreme, but the
reasoning behind them seems to be chiefly religious. Hippocrates' school
dropped the concept of the heaven-sent disease as the cause of contagion in
favor of the defilement of air by some miasma. The r6le of the stars in
producing plagues has also been considered predominant from antiquity
through the Renaissance. However, parallel with these theories there also
was developing a popular classification of disease into "clean" and "un-
clean" and, as time passed, many of our present infectious diseases found
their way into the unclean category. Nevertheless, progress in public health
proceeded on the theory of airborne miasma; to remove bad odor, sup-
posedly containing the miasma, fumigation and the use of perfume came
into wide use.
In the sixteenth century Fracastoro implicated small particulate matter in
the transfer of contagion via fomites or by direct contact, but there was
little progress from this point until the mid-nineteenth century.
The greater emphasis on cleanliness in the last century was a condition
for the willingness to accept the results of Schwann and Henle and later
those of Pasteur, Koch, and Lister. Through their work the old idea of
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pollution became replaced by the scientific concept of infection. This con-
cept still implies our readiness to prevent and combat what is considered an
evil and not a mere scientific phenomenon.
N. A. H.
HISTORY OF MEDICINE LECTURE
April 17, 1953
THE PARADOX OF PARACELSUS. By Owsei Temkin, Institute of the
History of Medicine, The Johns Hopkins University, Baltimore, Maryland.
Philippus Aureolus Theophrastus Bombastus Paracelsus ab Hohenheim
is a compelling figure in the history of medicine. As a medical reformer he
overthrew the errors of his predecessors to substitute those of his own. As
an observant scientist he deemed a philosophy of medicine to be of prime
importance. And although a physician, he has long been remembered as a
"magician" as well. In short, he is a paradox.
Born in 1493, he received his early medical education from his physician-
father and a religious order. Subsequently he depended solely on his own
observations and speculations, eschewing the classical works of Galen and
Aristotle.
An example of his early thought is found in the Volumin Paramirum
in which he set forth the five factors that determine health and disease:
(i) The astrological factor. Man, he said, is under the influence of the stars.
Since some diseases are peculiar to certain seasons, man's affliction with
them is governed by the changing calendar. (ii) The poisonous factor. Man
is influenced by poison, it being anything and everything he consumes. If,
in digestion, the right food substances are not separated out and retained by
the body, sickness results. (iii) The natural factor. Certain diseases are
associated with each of the ages of man. (iv) The spiritual factor. Every
man is related to other men in a spiritual way. Mental disease is a result of
the disruption of these relationships. (v) The divine factor. All diseases are
sent from God but He also sent physicians to cure these diseases, so no
case should be given up as hopeless and the doctor must continue to hunt
for the remedy. His emphasis on the idea that research is an integral part
of the physician's task certainly anticipated its importance in modern
medical thinking.
In 1527 Paracelsus was invited by the city council of Basel to become
town physician and a professor of the university. But his stay in Basel was
short-lived; he and the council could not see eye-to-eye.
His activity from 1529-1538 was varied. He wrote on the use of quaicum
in the treatment of syphilis and he composed his great treatise on surgery
(1530) in which he advocated the abolition of ointments in treating
wounds, advising instead the use of a sympathetic powder. In 1538 he pub-
lished his last works, one of which, Labyrinthus Medicorum Errantium, is
especially noteworthy. The erring physicians were, of course, all those
except Paracelsus. He criticized them for making speculations without
observations and for learning from textbooks rather than from observation.
But he also tried to explain many diseases on the assumption that man was
a microcosm reflecting the macrocosm. Thus epilepsy was "explained" as a
thunderstorm of the body.
In 1541 Paracelsus, old, broken, and lonely, died in Salzburg, a
"magician," a "miracle healer," but always a searcher.
G. A. F.
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THE DEVELOPMENT OF RESISTANCE TO CYCLOHEXIMIDE IN Allornyces
arbuscula. By Alma Whiffen, New York Botanical Garden, Bronx Park,
New York, New York.
The activity of cycloheximide (actadione) in suppressing the growth of
the fungus Allomnyces arbuscula in synthetic medium equals its effectiveness
in complex media containing yeast extracts. In concentrations as small as
0.25 ,L gm./ml. of nutrient agar, the per cent survival of spores is 90, which
decreases progressively to zero at concentrations greater than 20 u gm.
The effect of the antibiotic is not only on the growth rate but on the produc-
tion of new branches from old hyphae and on the length of time required
for spores to germinate, as well as the time interval between germination
and the formation of new sporangium. It is interesting to note that haploid
spores are twice as sensitive as diploids.
The development of maximum resistance to cycloheximide is related to
the concentration of the antibiotic in which the fungus is grown and, to
maintain this resistance, the continued presence of the antibiotic is essential.
The degree of tolerance of spores is directly related to the mycelium pro-
ducing them, and it can be shown that they will develop in concentrations at
least equal to those withstood by the parent spores. When either spores or
mycelium are exposed to concentration of antibiotic incompatible with
growth they are killed, but killed slowly, since 50%o are still viable at 12
hours.
M.-L. J.
ANATOMY SEMINAR
April 21, 1953
PASSAGE OF TUMOR CELL EMBOLI IN PULMONARY CIRCULATION AND
LYMPHATIC SYSTEM. By Irving Zeider, New England Deaconess Hospital,
Boston, Massachusetts.
Rabbits and rats received intravenous injections of rabbit and rat tumor
cell suspensions. Immediately after injection a sample of aortic blood was
collected and re-injected into normal animals and there observed for appear-
ance of tumor. Of the two rabbit carcinomas used, the Brown-Pearce strain
gave 50 per cent positive results, with tumor appearing in many organs,
while the V2 strain had a considerably lower rate of immediate passage
through the pulmonary circulation. This observation is compatible with the
natural history of these tumors since the Brown-Pearce usually metastasizes
to many organs beyond the lung; the spread of V2 is practically limited to
the lung itself.
Lymph node metastases were studied by injecting (1) fixed and stained,
and (2) viable cancer-cell suspensions into afferent lymphatics. In both,
tumor cells were found localized in the subcapsular lymph sinuses; this is
also the case in humans. When the lymph nodes in the path of the tumor
cells were successively excised at varying intervals after the injection, it
was found that the later the primarily involved node was removed, the
more frequently metastases occurred to central sites; if the primary node
was removed in one to three days, there was no extension beyond it. Before
metastasis occurred centrally along a lymphatic chain more than 95 per cent
of the primarily involved node's substance was replaced by tumor. Intra-
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vascular extension may occur in lymph nodes, however, and extensive
metastases are seen without progressive lymphatic transmission.
N. A. H.
ANATOMY SEMINAR
May 5, 1953
EMBRYOLOGICAL DEVELOPMENT OF NEUROSECRETORY MATERIAL UNDER
NORMAL AND PATHOLOGICAL CONDITIONS. By K. Benirschke, Free Hos-
pital for Women, Brookline, Massachusetts.
The posterior pituitary and hypothalamus of the human fetus have been
subjects of study with regard to the development of neurosecretory mate-
rial. Gomori's method was applied to tissue obtained from therapeutic
abortions and stillbirths, starting with fetuses of 10 weeks' gestation. Blue
granules, representing neurosecretory material, first appeared at 20 weeks,
located in the ganglion cells of the supraoptic and paraventricular nuclei.
Dustlike granulations along the fibers in the anterior part of the posterior
lobe of the pituitary developed at 23 weeks followed by occasional Herring
bodies at 34 weeks. At birth, Herring bodies were present along with
numerous granulations around the vessels of the anterior and posterior
parts of the neurohypophysis.
Several cases of renal agenesis with oligohydramnios revealed increased
amounts of the granular material. In a more carefully observed group of
anencephalic monsters with hydramnios, however, there was no granular
material in the posterior lobes and only slight granular material of ques-
tionable origin in the supraoptic and paraventricular nuclei. Nissl substance
was also absent. The humoral nature of these granulations is not, of course,
established, but it is suggested that the hydramnios and dilatation of the
urinary tract associated with anencephaly might be explained on the basis
of deficient antidiuretic hormone production.
0. L. K.
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Presentation of M.D. Theses by Senior Medical Students
May 13, 1953
FATE AND MICROSCOPIC STUDY OF A PEDICLE SKIN GRAFT IN THE
TRACHEA OF DOGS. By William A. Whalen, Jr.
The problem of cicatricial stenosis in the larynx and trachea has been
one of the most perplexing problems confronting the otolaryngologist for
many years. The difficulty stems from the fact that surpical excision of a
stenosed area in the lumen of the larynx or trachea results in early recur-
rence of the stenosis unless a suitable lining for the lumen is provided at the
time of operation.
The successful use of skin grafts in treatment of stenosis of the larynx
was originally introduced by Arbuckle in 1928. Many investigators since
have transplanted skin for laryngeal repair, but there have been no reports
concerning the structural status of successful skin grafts growing under a
respiratory environment after given periods of growth. Therefore, the
microscopic study of successful grafts was undertaken and is herewith
reported.
Pedicle skin flaps were raised from the necks of four dogs and trans-
planted into their tracheas. When the grafts had taken, the flaps were
severed from their external blood supply, and tracheofissures were closed
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with the skin transplants within the tracheas. Skin graft specimens were
obtained at three, four, five, and six months following this procedure.
Microscopic study revealed that all of the grafts were intact with
preservation of the stratum granulosum and stratum germinativum except
for one specimen in which half of the graft sloughed away; re-epithelializa-
tion of pseudostratified ciliated columnar type occurred over the denuded
area. The stratum corneum had sloughed in all specimens. Areas of meta-
plasia from tracheal epithelium to stratified squamous epithelium were
noted adjacent to the grafted areas; past investigation has shown that skin
grafting to the buccal and nasal mucosa has resulted in metaplasia to the
cell type of the graft site.
From a review of the literature, it seems evident that split thickness skin
grafting in the larynx is more effective than pedicle full thickness grafting.
One of the major disadvantages of using any skin as the lining material is
that the sebaceous glands of the skin secrete tenacious mucus on the surface
of the graft with resultant formation of foul smelling crusts. Tissue which
lacks secretory function, such as fascia lata, would be a good substitute for
laryngeal skin grafting. Clinical trial with fascial grafts has miet with poor
results in the oral cavity; tracheal reconstruction with fascia lata, however,
has proved quite successful. Finally, recent work on the removal of the
epidermis of skin and the utilization of the dermis for grafting may prove
this to be the tissue most acceptable surgically.
WILLIAM A. WHALEN, JR.
THE MECHANISM AND BIOLOGICAL SIGNIFICANCE OF ENZYMATIC
TRANSPEPTIDATION. By Jack Durell.
Two problems face the biochemist in his attempt to analyze the mechan-
ism of the biosynthesis of proteins: how is the energy of peptide synthesis
provided, and how is the marked individuality of each specific protein
molecule achieved? For almost 75 years various investigators have con-
sidered the possibility that proteolytic enzymes participated in the bio-
synthesis of proteins; in recent years, with the growing knowledge of the
specificity of proteolytic enzymes and the wide spectrum of intracellular
proteinases, the hypothesis that these enzymes catalyze protein synthesis
has become more attractive. Previously, only a mass action reversal of
hydrolysis was considered in ascribing synthetic functions to proteinases;
the formation of plastein and the synthesis of anilides have been considered
supportive evidence. Recently, attention has been turned to transfer reac-
tions linked with specific synthetic reactions to result in the synthesis of
specific polypeptides. Glutamine and glutathione, two compounds whose
mechanisms of synthesis have been studied, have been suggested as possible
starting materials for transpeptidation. To date, every proteolytic enzyme
studied for ability to catalyze transamidation reactions has given positive
results with appropriate substrates and nucleophilic replacement agents.
Recently, we have developed a kinetic equation based on a mechanism of
transamidation assuming a competition between water and the replacement
agent for the activated bond. For the explicit solution of the equation, two
constants must be evaluated for each system studied; when this is done, the
equation is found to predict the experimental results. One of the constants,
C, is really a direct measure of the efficiency of transamidation. Two en-
zymes, papain and trypsin, have been compared for the efficiency of trans-
amidation of the substrate benzoyl-L-arginylamide, a suitable substrate for
both enzymes, with hydroxylamine. In view of the suggestion that intra-
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cellular proteinases participate in protein synthesis via catalyzing trans-
amidation, it is interesting that the intracellular enzyme preparation,
papain, was found to be fifteen times more efficient in transamidation than
the digestive enzyme, trypsin. The evidence at present is only suggestive;
much remains to be discovered before a role for transpeptidation in protein
synthesis can be asserted.
J. DURELL
TRANSPLANTATION OF FREEZE-DRIED AORTIC HOMOGRAPHS IN DOGS
WITH REFERENCE TO ACUTE HYPERVOLEMIA AND LIPEMIA. By T. 0.
Gentsch.
Freeze-dried aortic homografts which had been stored for an unlimited
time at room temperature were implanted in the thoracic aortas of fourteen
normal dogs. Of the ten dogs which survived the operation, eight showed
successful function after ten weeks. The other two dogs died from an
infection at the graft site.
An attempt to evaluate the ultimate fate of the graphs was made by sub-
jecting four of the eight dogs with successful implants to a controlled acute
lipemia stress. These dogs received serial rapid intravenous infusions of
17 cc./kilogram of body weight of a 2: 1 egg yolk-saline mixture. After ten
days of infusions, the surviving animals were sacrificed and examined.
The grafts appeared to be markedly more susceptible to the degenerative
changes of hypervolemia and lipemia than did the adjacent normal aorta.
These changes were in the form of an active inflammatory reaction, a dif-
fuse suffusion of fat with fat-filled foam cells especially in the intima, a
diffuse medial calcification in half of the stressed grafts, and a medial
hemorrhage in one graft.
T. 0. GENTSCHI
THE EFFECT OF WATER LOADING ON THE ANTIDIURESIS OF THE PASSIVE
ERECT POSTURE. By Irving H. Goldberg.
Once the state of "physiological diabetes insipidus" has been maintained
in normal subjects in the recumbent posture, further increase in the dilution
of body fluids does not augment urine flow. If a subject in this state of
physiological diabetes insipidus is tilted into the passive erect posture
(PEP), an antidiuresis and antisaluresis will ensue. It seems clear that part
of the antidiuresis must be related to the secretion of the antidiuretic hor-
mone (ADH) of the posterior pituitary gland. The nature of the stimulus
that promotes the ultimate antidiuresis and antisaluresis in the PEP is not
well defined, but it seems to be due to a "contracted volume" in some key
part of the body fluids, probably some part of the vascular system.
This investigation was undertaken to learn whether dilution of the body
fluids beyond that necessary to promote complete suppression of secretion
of ADH in recumbency would modify the degree of antidiuresis in the
PEP.
The effects of water loading on the rates of excretion of water and
electrolytes were studied in normal young adult males in the recumbent
position and in the PEP (the subject tilted to an angle of 15 degrees with
horizontal, with head raised up and lower limbs completely relaxed.) Two
studies were performed on each subject, one in which the subject received
a small water load and another in which he received a large water load.
By increasing the load of water in the body beyond 1 per cent of body
water, the percentage of maximum antidiuresis was decreased by increasing
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the load of water in the body. The modifying effect of the larger water load
was not due to its influence on glomerular filtration rate, nor do calcula-
tions of the increment of reabsorbate due to PEP and the clearance of free
water imply that the modifying effect of the larger water load was due to
any effect on proximal tubular solute reabsorption. Moreover, while the
differences in percentage antidiuresis associated with the PEP in the paired
studies were statistically significant, the differences in percentage of anti-
saluresis were not. It is therefore difficult to explain the difference in the
degree of antidiuresis on the associated changes in salt if these latter
changes were not significantly different in the small and large water loads.
Differences in degree of antidiuresis associated with the small and larger
water loads were not due to changes in plasma volume. There was no evi-
dence that plasma volume was better supported by the larger than by the
smaller water loads. There was a greater degree of hypotoxicity with the
large as compared with the small loads in every instance, both in percentage
change and in actual magnitude. It is suggested that hypotoxicity of the
body fluids may be the influence which modified the response of the
posterior pituitary gland to the PEP.
IRVING H. GOLDBERG
ALPHA OMEGA ALPHA LECTURE
May 19, 1953
THE METABOLISM OF HEMOGLOBIN AND BILE PIGMENT. By Irving M.
London, Department of Medicine, College of Physicians and Surgeons,
Columbia University, New York, New York.
The feeding of labeled glycine to man reveals that isotopic nitrogen, N15,
is incorporated into the heme of normal circulating red blood cells. The
disappearance of N15 from such cells corresponds to the normal life cycle
of the red cell. This observation suggests that normal erythrocyte destruc-
tion is not a random process. Clinical application of the method indicates
that the basic defect in polycythemia vera is the over-production of cells
with a normal life span, while in hemolytic anemias such as sickle cell
anemia and in pernicious anemia the early exponential fall of N15 heme
concentration points to an indiscriminate destruction of red cells by the
body.
A valuable addition to methods for the study of heme has resulted from
the finding that labeled heme may be synthesized in vitro from glycine N15
by erythrocytes. Blood containing many reticulocytes, such as that of birds,
is especially suitable for these in vitro studies. It has been shown, for
example, that lead inhibits the synthesis of heme in this system.
Finally, the incorporation of isotopes in stercobilin has been studied.
N15 appears in stercobilin immediately after the feeding of isotopic glycine
and before the destruction of circulating erythrocytes has occurred, indi-
cating that stercobilin does not all come from the breakdown of normal red
cells. In the normal, this fraction constitutes approximately 11 per cent of
total stercobilin excretion. Especially large amounts of this fraction are
seen, however, in pernicious anemia and congenital porphyria, substan-
tiating the hypothesis that all bile pigments do not come from the red cell.
Injected heme N15 appears as labeled stercobilin but not as hemoglobin N15.
Similarly, injected protoporphyrin containing carbon14 appears in sterco-
bilin. It has therefore been suggested that bile pigments are derived not
only from hemoglobin, but from certain hemoglobin precursors as well.
0. L. K.
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